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ABSTRACT

Plasma, magnetic field and charged parvicle data from thLe
Ulyssas spaceacraft is used to demonatrate that MeV particles
follow channels defined by solar wind flow regimes.

l. INTRODUCTION

Energetic particles produced in solar flares travel through
interplanetary Bpace, following routr. determined by the
structure of the interplanetary medium. They suffer scattering
at kinks in the interplanetary magnetic fleld and their
progress in space s frequently described as diffusion, with
the sice and nunber of kinks encountered determining the mean
free path. The average power spectral density of magnetic
kinks has Leen measursd and inserted in theories of particle
plitch angle diffusion. Mean fres paths thus calculated are
about ten times asmaller than mean free paths d.duced from
time~intensity and time-anisotropy profiles of weclar particle
events (eqg Palmer (1982), Wanner and Wibberens (199)) ).

Results are presented below which suggest that Mav solar
particles can follow tlow regimes in the solar wind which can
provide sasier than average transport condltions.

2. THE DATA
The array of Mev particle detectore on tho Ulyeses (Wenzel

et al 1992) epacecraft has yielded many svent profiles, few of
which look like the classic high ensrgy event with fast rise

and wlow uninterrupted dacay. Rises and decays, and the
intervals over which directional anisotropies endure, are
interrupted by sharp discontinuities. Many particle

[opulations appear to be bounded, or at least constrainad, by
heliospheric sector boundariea. An example is described below
In which tha parameters which best delineate the Mev particle
transport. appear ¢ be wsolar wind plasma rather than magnetlic
parameters. Similar observatlons have been reportaed hy Domingo
ov al (1976) and Anderson 2t al (1992).

The upper five curves of Figure | plot MHev proton
‘ntansitien. The bottom vurve - oxiglinally {n four calours -
ylvan arrival directions of 3.8 - 0.0 Mev protons In four 9"
sactarm. The population {ie c~learly anleotropic from the
beginning of ey 134 until Day 142 of 1991, at which time
Ulyssoes waa at 1.1 AU from ¢he sun, Thie anirotropy, with

particles flawing along the magnetic tiald and away from the
wun, continueas with no significant change throughout. the aharp
count rate drop-vut of Day 1149, The anisotropy la alwmo
tl "umrrated in a pleo diagram at the tup of Figure ¢ for protone
Letwean 1.0 and 3.8 MeV. The flux away from tLhe msun wam ahouat
15 times greater than the flux toward the sun. (Nute also the
particle changee close to tLhe heliospheric wector boundary at
00e3 UT on tay 130). Filgure ; displaye ccunl rAatas on Nay 114
fur proran snecgdies up to 92 Mev, far alpha psrticlees and fm
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HOURIUT DAY 199, 199
rig 3. (Top) Solar wind proton density, temperature
and velocity.

' (Bat.tom) Magnatic fiwld magnitude, polar and
| srximuth anglaes.
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elactrons. The ratio of protons 1.8-3.8 MeV to praotons 9.0 19
MeV im also shown. All curves show the drop-out between about.
|1600 and 2110 "', Nota alwo & sharp i{ncrease Ln count rate ar
around 0OYW10 UT. Corcespunding aolar wind and magnatic fleld
velues are shown {n Figure ). Tanyential Jdimcontinuitios (TDh3)
have been identified by the plasma and magnetic field
sxperiments at U923, 1610 and 2130 UT. Clearly the count rate
changea c¢orrespond closely to the tangential Jdiscontinuit lee.!
(Flgure 2). Nuring Day 139 there are many «hangee (n the!
magnetic fleld and in particular in Ite pular angle A, These!
changes result in minor changes Lp proton anfantvopy dlrectlion
and in amal; hanges in vount rate. The wigniflcant changes in!

count. vare ~avar oucur  only when the nagnetic chiange La
sceompanied hy @8 change Ln the plasma paramsters, Indicatluy
that a ditferent flow rogime has hesn encountered. The change

uf snlar wind speed vp, ie small and the direction of Vp | not
i - . -
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shown) changés Jlittle. The parameter which seems moat
obvioualy related is <the solar wind proton tewmpersture, Tp.
(Alpha temperaturé shows eimilar baehaviour). Thus we find
naighbouring flow ragimes able to channel or to exclude protons
with energies up to 90 Mev. If wa think of these flow regimes
croesing the spacecratt at solar wind wspeed, then wa expect a
distance equal to tha gyroradiocus 0of a 10 Mev proton to be
traversed in about 5 minutes. Pigure 2 indicates that che
boundaries between flow regimes are no wider than a few t.imes 5
minutas.

J. DIBCULSION

Many examples with audden flux changes similar to the abave
can be found in the Ulyasses data. It may be that not all of
the particle distributions obsgrved have teen recently producad
on the sun. Some may result from shocks and interaction
regions. However Dparticle behaviour at the solar wind flow
boundarias descrihed above must be indicative of what happens
when Kev solar particles propagsta through the intsrplansetary
ned Lum. With this acenario it weeems unrealiatic to try to
describa Mev parcticle propagation by diffusion through an
average interplanstary scattering medium, The effectiveness
of channel boundaries or flow regime boundaries 1in containing
Mev particles is clear, but the nature of these plasma streanm
interfacems, how they uriginate and how they are preserved (n
space im® not clear. The idea of channels or conduits in the
solar wind (s not new. McCracken and Neags (1966} produced
similer ideas at a time when Lt was perhaps more difficult to
line up Mav and solar plasma data for comparlaon. Earl (1976)
considered adiabatic focuming snd suggested a "supercohaerent
mode Of particle rransport®. Sckolar et al (1979) calculated
how propagation should change from the lesading edge ro Lha
trafiling adge of a sular wind etream. Hownver the concepr ot
propagation in weaparate streams has freqiently been overlouked
in the struqgle to find a univarwal mathematical deecription to
tit all casmes.
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